ABSTRACT: Information on nutrient demand during each growth stage is essential for efficient application of nutrients. A pot experiment was carried out with a Typic Hapludox under greenhouse conditions in Botucatu, SP, Brazil, aiming was to determine nutrient uptake and partition of sweet pepper plants, cultivar Elisa in randomized block design with four replications. The fertigation was simulated through 2-L PET bottles (neck down with a tube and a flow regulator at the end, simulating a drip irrigation system). Four plants per replication were collected at eight growth stages (0, 20, 40, 60, 80, 100, 120 and 140 days after the seedling transplant -DAT). The period of largest extraction of nutrients for the plant occurred from 120 to 140 DAT, which coincides with the highest accumulation of dry phytomass. The highest Mg and Ca accumulation occurred in the leaves, while N, K, S and P were mostly accumulated in the fruits. Only 8 to 13% of the total amount of the accumulated macronutrientes at 140 DAT were absorbed up to the 60th DAT. Between the 61 st and 100 th DAT, K was the most absorbed macronutrient (60% of the macronutrients accumulated during the whole cycle). P, Ca and S were the most absorbed nutrients at the end of the cycle. Considering rates (g per plant), the most absorbed macronutrients were: N (6.6) > K (6.4) > Ca (2.6) > Mg (1.3) > S (1.1) > P (0.7). Key words: Capsicum annuum L., irrigation, greenhouse, growth
INTRODUCTION
Sweet pepper (Capsicum annuum L.) is one of the most consumed vegetables in Brazil, and is better adjusted and most frequently produced under greenhouse conditions (Melo, 1997) . Cultivation of sweet pepper in greenhouses demands intensive use of agri-inputs and labour. Moreover, this activity is part of a dynamic market in which seasonal prices fluctuate, demanding from the producer rigorous planning for both crop production and technology in order to decrease production risks and increase profits. Fertigation is one of the techniques utilized to achieve this goal. It consists of adding nutrients according to plan needs to the irrigation water, particularly through sprinkler and drip systems (Villas Bôas, 2001 ). Nutrient absorption depends on the plant phenological stage and is enhanced during flowering, fruit formation and growth (Silva, 1998) . Information on these absorption rates improves the fertigation efficiency (Bar-Yosef, 1999) . For planning fertilization it is also very important to be aware of new genotypes and growth features in different conditions, since dry matter and nutrient accumulations are closely associated to each other, so that one deficit harms other, directly or indirectly (Benincasa, 1988) . The optimal nutrient absorption curve (nutrient accumulation curve) determines both the rate for application of a specific nutrient to avoid possible deficits or luxury uptake, and the adequate proportion of nutrients. One of the first studies on the nutrient absorption curves in Brazil was carried out by Haag et al. (1970) for sweetpepper (variety "casca dura") grown in nutrient solution. Further studies on nutrition, however, are necessary as a consequence of constant genetic changes of the crop, made to improve quality (Fernandes & Haag, 1972) .
Application of adequate nutrient rates decreases salinity problems which otherwise could negatively affect production in closed crop systems (Raij, 1993) . The aim of the present study was to determine nutrient accumulation and partition along the whole cycle of a fertigated Elisa sweet pepper crop grown in greenhouse, as a support for the improvement of fertilization programs.
MATERIAL AND METHODS
The experiment was carried out inside a greenhouse (plastic tunnel; 20 m long, 7 m wide, and 2.5 m high) in Botucatu, SP, Brazil (22º51'S, 48º26'W; altitude 786 m). Air temperature and relative humidity were recorded by a portable thermo hygrograph placed 1.5 m above ground.
Amianthus pots (29-dm 3 ) were filled with a sandy-clayey Typic Hapludox and placed inside the plastic tunnel. The physical and chemical properties of the soil were determined according to EMBRAPA (1997) and Raij et al. (1987) , respectively.
Based on Raij et al. (1996) , after adding dolomite lime (86% Total Neutralizing Relative Power) until the BS reached 80%, each pot received 150 g P dm -1 of soil, as thermal phosphate (17% P 2 O 5 , 20% Ca, 9% Mg and 6% S), 117 mg K as KCl, and also 150 g of an organic compound. Pots were watered to 70% of the volume corresponding to the 0.033 MPa matric potential covered with a plastic sheet and maintained for 30 days.
Each pot received two seedlings of Elisa sweet pepper (Capsicum annuum L.), cultivated in trays containing commercial substratum, on July 19 th , 1999 (66 days after sowing). A distance of 0.24 m between seedlings within rows and 1.30 m row spacing were used. The development of the sweet pepper plants was limited to three stems and then the first flower (relative to the first internode) was removed. Structures for plant sustentation and growth were set up. To simulate a local irrigation system, a 2-L PET bottle was used for each pot. This bottle was suspended upside down, with removed bottom to allow inflow of water and dissolved fertilizers. A pipe was connected to the PET bottle cap, which had a water-flow controller to allow a dripping rate of 2 L h -1 . Drippers were installed 10 cm above the plant base.
Nutrient rates applied through fertigation were strictly related to levels used in the field and were applied after the 54 th day after transplantation (DAT). The fertigation scheme consisted of: 1.9 g calcium nitrate diluted into 250 mL of water per plant (0.285 g nitrogen and 0.361 g calcium) up to the 66 DAT. After the fourth application (66 DAT), the level of nitrogen was increased to 0.392 g per plant (2.72 g calcium nitrate) and then the potassium (KCl) application was initiated (0.295 g K per plant). During the 10 th and 14 th applications (102 and 122 DAT, respectively), boron (0.150 mg B plant -1
) and manganese (0.132 mg Mn plant -1 ) were added in the form of borax and manganese sulphate, respectively. N and K were applied every 4 days, (16 and 13 applications, respectively), until 133 DAT, corresponding to a total of 5.95 g N and 3.84 g K plant -1 . A randomized block design with four replications and eight sampling dates was used. Samples of plants were taken every 20 days, from day 0 to 140 DAT. In each of these eight samplings dates, four plants were collected per repetition (two pots with two plants each).
Plants were collected by cutting their base close to the ground. Plant height, first-bifurcation height and number of leaves and bifurcations were recorded in the laboratory. Fruit collections started at 80 DAT, and the fruits produced by the plants that would be collected later (at 100, 120, and 140 DAT) were removed from the plant for fresh and dry matter determinations (these data were included for determination of the plant dry matter at the collection moment). Fruits larger than 10 cm in length or 7 cm in diameter were classified as commercial fruits, and smaller ones as non-commercial.
Plants were washed and taken apart into individual leaves, stems, roots and fruits, and then dried in a forced-air oven at 65 o C. Each dried plant organ was weighed (dry matter), ground and submitted to chemical analyses according to Malavolta et al. (1997) . Based on dry matter and nutrient concentrations, absolute and relative growth rates and nutrient levels were determined for each plant organ.
Mean and standard error were calculated for each variable. The levels of plant-accumulated macronutrients from 40 to 140 DAT were analyzed by linear regression using the software SigmaPlot for Windows v.8.0 (SPSS Inc.); plant age (DAT) was the independent variable. Models (equation) were selected for best statistical adjustment (F test, 5%), best fit (R 2 ), and biological significance.
RESULTS AND DISCUSSION
Accumulation of dry matter by sweet pepper was slow until 60 DAT and then increased as the fructification began (Figure 1) . Haag et al. (1970) , Fernandes & Haag (1972) and Fontes & Monnerat (1984) observed slow growth until 75 DAT, but they used varieties rather than hybrid genotypes.
The maximal growth of sweet pepper was not reached until 140 DAT (Figure 1 ), in contrast to reports by Crespo-Ruiz et al. (1988) who found the maximal dry matter accumulation point at 100 DAT for cv Cubanelle in Puerto Rico. After 120 DAT, the plant dry matter accumulation was greatly increased, probably because of the great fruit harvest (60% of the total commercial fruit production), which occurred up to 110 DAT (Table 1) , thus reducing plant drains (Taiz & Zieger, 1991) . These processes may have stimulated new vegetative growth (root, leaves and stem) that was indicated also by increased plant height and number of bifurcations and leaves (Table  2 ). Villas Bôas (2001) studied this same hybrid under similar conditions and found taller plants (109 cm) with fewer leaves (55) and more bifurcations (34) at 174 DAT. Panelo (1995) reported that the Vidi hybrid had the lowest plant length (50 to 70 cm) after two month of ongoing harvest (~ 143 DAT), while Elisa hybrid presented intermediate length (80 to 90 cm) at this time, in comparison to the other studied hybrids.
The first-bifurcation height reached 19 cm at the end of the observations. This may depend on the cultivation system (Faria Jr., 1997), but may also be altered by the number of conducted stalks (Tivelli et al., 1998 ). An excess of fertilizers, mainly nitrogenous, may promote excessive plant growth and, consequently, the first bifurcation. For Elisa hybrids of the same age, Tivelli (1999) found 22.4 cm height for the first bifurcation.
After transplantation, the plant remains in an adjustment period up to 20 DAT, named "establishment phase" (Crespo-Ruiz et al., 1988) , during which dry matter is accumulated mostly in the leaves. After that (from 20 to 60 DAT), dry matter is allocated to the stem and roots (Figure 2 ), enlarging the radicular system. Dry matter accumulated in the leaves decreased from 64.5% at 20 DAT to 20.4% at 100 DAT (Figure 2 ), probably as a function of dry matter allocation to the stem and root until 60 DAT and then to fruit formation (from 60 to 100 DAT). The most intense fructification from 80 to 100 DAT increased dry matter in fruits (54.2% at 100 DAT) instead of leaves, stems and roots. During this period, the number of bifurcations did not increase, but plant height and number of leaves increased slightly (Figure  2) . At the fructification period (60 to 100 DAT), the absolute growth rate (AGR) of plants increased from 0.6 to 1.8 g plant day -1 , mainly because fruits increased from 0.7 to 14 g plant day -1 (Figure 3 ). Plant AGR decreased slightly (1.6 g plant day -1 ) from 100 to 120 DAT, followed by a high increase (6.2 g plant day -1 ) from 120 to 140 DAT, probably as a result of generalized growth of all plant organs. The maximal AGR found by Dias (2000) for the hybrid Elisa until 224 DAT (6.85 g plant -1 ) was similar to that herein described. The dry matter distribution at 140 DAT was similar to that observed at 80 DAT when harvesting was initiated, with about 70% of dry matter accumulated in roots, leaves and steams (Figure 2) .
The period of highest nutrient extractions occurred from 120 to 140 DAT, coinciding with the greatest accumulation of dry matter (Figure 1 ). During this period the accumulated N levels doubled from 3 to 6 g N day -1 (Figure 4 ). On the other hand, absorption of P, Mg and S increased only after 80 DAT, while absorption of N, K and Ca increased after 60 DAT (Figures 4 and 5) . The higher accumulation of Mg and Ca occurred in the leaves, but N, K, S and P were mostly accumulated in the fruits (Tables 3 and 4) .
The accumulation curves plotted in Figures 4 and 5 allow the estimation of the amount of extracted nutrients by the plants during each developmental phase, starting from 40 DAT. This indicate the need of fertilizer per fertigation, which for sweet pepper crops should begin between at 40 to 50 DAT, since fertilization during the transplantation period, made mainly with manure, meets plant demands efficiently (Villas Bôas, 2001) .
N and K were the most extracted macronutrients, with similar rates of extraction for N, followed by Ca, Mg, S and P in decreasing order of concentration (Table  3 ). The levels of extracted nutrients found by Silva (1998) for the Mayata hybrid sweet pepper (N = 5.6 g; P = 0.5 g; K = 10.0 g; Ca = 3.5 g; Mg = 1.7 g and S = 1.0 g) were similar to those observed here, except for K, which was 56% higher. Haag et al. (1970) , Santiago & Goyal (1985) , Graifenberg et al. (1985) , Dias (2000) and Villas Bôas (2001) also reported greater extraction of K in comparison to N. This might be a consequence of using different cultivars and/or luxury uptake, since in the present study there was no K deficiency; and K levels in the leaves are within the range considered normal by Trani et al. (1996) , or even above this range, as considered by Malavolta et al. (1997) (Table 5 ). According to these two later studies, the levels of the other macronutrients are within the adequate range for sweet pepper at 100 DAT (complete flowering), which is the indicated period for sampling leaves for chemical analyses. and for each plant organ for sweet peppers fertigated at different days after transplantation. Table 3 -Accumulation of nutrients (mean ± SE) in total dry matter and plant parts of fertigated sweet pepper, according to days after transplantation (DAT).
(1) Because of insufficient material, samples of blocks were mixed for analyses, not allowing mean and SE evaluations. SE = standard error P was the most extracted element by the fruits, followed by N, S and K at similar percentages (Table 6) . On the other hand, Ca and Mg were the nutrients least extracted by the fruits. Dias (2000) found the same macronutrient exportation order for the Elisa sweet pepper: P=60%; N=40%; K=40%; S=35%; Ca=24% and Mg=18%.
From the total amount of macronutrients accumulated until 140 DAT, only 8 to 13% were absorbed up to 60 DAT (Table 7) . Between 61 and 100 DAT, K was the most absorbed macronutrient (60% of the total accumulated in the cycle); P, Ca and S were more absorbed at the end of the cycle (from 101 to 140 DAT).
Production of commercial fruit of green sweet pepper up to 140 DAT reached 1.3 kg per plant (Table  1) . Tivelli (1999) found similar results for Elisa hybrids cultivated in a closed system, which reached about 1.1 kg per plant. Higher yield in commercial fruits was ob-SE = standard error Table 4 -Accumulation of nutrients (mean ± SE) in dry matter of total plant and plant parts of fertigated sweet pepper, according to days after transplantation (DAT).
tained as a result of larger space between plants (0.48 x 1.30 m) (Villas Bôas, 2001 ) and because of the extended fruit-harvesting period (5 months) (Melo, 1997) . In these cases, the commercial fruit yield reached 2.5 and 3.85 kg per plant, respectively. N  t  r  a  p  t  n  a  l  P  n  o  i  t  a  t  n  a  l  p  s  n  a  r  t  r  e  t  f  a  s  y  a  D  0  8  0  0  1  0  2  1  0  4  1  --------------------------------------t  n  a  l  p  r  e  p  g  m  --------------------------------------N   l  a  t  o  T  7  9  ±  0  1  1  1  2  4  3  ±  0  0  0  2  7  3  3  ±  9  2  0  3  7  7  ±  1  6 Table 5 -Concentration of nutrients in leaves (mean ± SE), according to the cycle of fertigated sweet pepper.
(1) Because of insufficient material, samples of blocks were mixed for analyses, not allowing mean and SE evaluation. SE = standard error 
